Daily routine chest radiographs (CR) are commonly performed in surgical ICU. Unnecessary CR increase costs and expose the staff and the patients to radiation risk. The goal of our stu-dy was to estimate the value of daily routine CR in the ICU and to determine the correlation between CR and physical findings in surgical ICU patients. Prospective observational study was conducted during period of two months at the ICU department at the Clinic for Digestive Surgery, Clinical Center of Serbia, Belgrade. It included 97 consecutive patients who underwent digestive surgery and stayed at the ICU for at least two days. During their ICU stay, CRs were obtained as a clinical routine or to monitor lung pathology. Patients were followed daily, and CRs (as the proportion of positive findings) were compared with physical examination and clinical presentation. A total of 717 CRs were obtained, median number per patient was 4.0 (2.0-7.0). Proportion of positive findings was significantly higher comparing to auscultation until the sixth day of ICU stay. There was no difference in CR findings from day to day after the sixth day. Therapeutic efficacy of CRs was low as only 56 (7.8%) resulted in a change of patient management. We conclude that daily routine CRs are justified in the first six days of ICU stay, and after that time they show no advantages over clinical examination.
INTRODUCTION
C hest radiographs (CRs) are commonly performed in surgical intensive care units (ICUs). Some of them are obtained as dictated by protocols, after interventions such as thoracotomy, central venous catheter placement or intubation, and others for monitoring of pulmonary pathology (pneumonia, atelectasis, pleural effusions, pneumothorax, etc). 1 CRs are frequently made on a daily basis, as a part of a surgical ICU daily routine, irrespective of a patient's clinical status and the clinical judgement of the intensivist. 2 The main purpose of any CR is to reveal an abnormality that otherwise wouldn't be detected and help in diagnostic and therapeutic decision making. According to until recently valid recommendations of American College of Radiology (ACR), routine daily CRs were indicated for patients with acute cardiopulmonary problems and those treated with mechanical ventilation. Following of these recommendations would include almost all ICU patients. However, this practice has become a subject of numerous debates over the efficacy of CRs in ICU patients and thus the value of routine daily monitoring. They resulted in change of ACR guidelines which restrict the use of routine daily CRs in patients with acute cardiopulmonary problems and suggest follow-up CRs only when clinically indicated. 3 CRs have high accuracy in detecting malposition of medical devices used in critically ill patients such as endotracheal tubes, central venous lines and thoracic drains. 4 There are studies with findings that support daily CRs in surgical ICU, in subpopulation of mechanically ventilated patients and those with pulmonary artery catheters. 5, 6 Many others advocate different strategy of obtaining on-demand CRs, when indicated and specifically requested by the intensivist. This approach is based on results that showed low diagnostic and therapeutic efficacy of routine daily CRs, demonstrating that abandoning this practice doesn't adversely affect clinical outcome of ICU patients. 7, 8, 9 Multiple studies have shown that daily CRs don't reveal new information, at the same time increasing costs and exposing patients and the staff to radiation risk. 7, 10 The practice of routine CRs in surgical ICU patients is widespread in Serbia, and there were no studies to question and confirm its value, specially in a limited resources setting.The aim of our study was to estimate the value of daily routine CRs in the surgical ICU and to determine the co-rrelation between CRs, clinical presentation and physical findings. 
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MATERIAL AND METHODS
We conducted a prospective observational study evaluating the clinical value of daily routine CRs during period of two months. The study was performed at the ICU department of the Clinic for Digestive Surgery, Clinical Center of Serbia, Belgrade which is a university-affiliated teaching hospital, from November 2012 till January 2013. Its ICU is a 14-bed "open format" department with surgical patients only and permanent physician staff consisting of one surgeon, one anesthesiologist and two residents.
The study included all patients expected to stay at the ICU more than two days (after surgery or admission for other reasons) in whom CRs were performed according to ICU protocol day after day. The ICU policy is to order CR in all admitted patients soon after admission.
According to the study protocol, ICU physicians during their morning round recorded patients' clinical presentation and did the physical examination (inspection, auscultation, thoracic percussion, etc). Afterwards, daily routine CRs were obtained in all mechanically ventilated patients, all patients with pulmonary pathology or thoracic surgery and patients in whom chest recording was dictated by the protocol of their surgical ward. Only routine CRs were evaluated. Additional on-demand CRs, made later during the day, because of clinical deterioration or placement of a new device (ET tube, chest drain, central venous line, feeding tube) were not analyzed.
To evaluate the CRs, a formatted questionnaire was designed, including patient's demographic data, diagnosis, surgery, indication for ICU admission and stay, as well as data about comorbidities and preadmission CRs. Radiologic section of the form contained radiologic findings, which were labeled for the sake of simplicity just as "positive" or "negative". Radiologic positive findings were predefined as shown in Table 1 . Physical examination results were also categorized as "positive" or "negative" on discretion of the attending physician. It was also noticed if CR finding influenced the change in patient management plan and the physician's judgement about whether the CR was clinically indicated. Therapeutic efficacy of CR was expressed as the ratio of CRs resulting in change of therapy and the total number of CRs.
Data were prospectively collected and entered into a database (Microsoft Excel 2007). They are expressed as mean (+SD) or median (+IQR). CR findings (expressed as the proportion of positive results) were compared with clinical presentation and physical findings. Data were analyzed with Cochran's Q test and differences were compared with X 2 test using statistical software (SPSS version 19). P value < 0.05 was considered statistically significant.
RESULTS
During the two month study period, 97 patients were evaluated through 108 ICU admissions (97 postoperativelly and 11 as ICU readmission). Since majority of readmissions were due to respiratory failure, for the sake of comparability, only postoperative admissions to ICU were finally analyzed. A total of 717 daily routine CRs were obtained (620 of them as routine daily control). The median number of CRs per patient was 4.0 (IQR,2.0-7.0). Mean number of CRs taken prior to admission to ICU was 1.7(+ 1.1). The average length of ICU stay was 6.0 days (3.0-11.0) and the longest stay was 28 days. Mechanical ventilation was performed in 43 patients for at least one day. Demographic and clinical patient characteristics are presented in table 2.
The first evaluated routine daily CRs were done on the second day of patient's ICU stay (first routine control). Of 97 CRs obtained during that day, only 25(25.8%) revealed a predefined positive radiologic finding, while only 15(15.5%) patients had a positive finding on auscultation and 14(14.4%) of them exhibited a clinical presentation indicating pulmonary abnormality (p=0.01). Proportion of positive findings on CRs was significantly higher comparing to auscultation and clinical feature until the sixth day of ICU stay, and after that there were no differences until discharge from ICU, suggesting that a chest abnormality could have been detected similarly with CR and physical examination (Table 3 ; Figure 1 ). There was no significant difference in CR findings from day to day after the sixth day (p>0.05).
Total number of control CRs with positive findings was 424 (out of 620; 68.4%) The most common CR abnormalities were pulmonary infiltrates, atelectases, severe pulmonary congestion, pleural effusion, malposition of endotracheal tube, malposition of chest drains, distension of gastroplasty or coloplasty and pneumothorax. (Table 4 ) However, the therapeutic efficacy of CRs was very low as in only 56(7.8%) CRs positive finding resulted in a change of patient management (most commonly bronchoscopy, thoracocenthesis, thoracic drainage, administration of antibiotics and diuretics).
Attending physicians considered that 401 out of 717 CRs (55.9%) were unnecessary (not clinically indicated) and in just 6 cases those CRs resulted in a change of patient therapy.
DISCUSSION
The present study was undertaken to investigate the value of routine daily CRs in a surgical ICU and to compare it to physical examination and clinical presentation.
The main findings of our survey can be summarized as follows: 1) The ability of daily routine CR to reveal more information than physical findings and clinical feature is time dependent and is higher at the beginning of ICU stay and 2) Daily routine CRs have low therapeutic efficacy in postsurgery ICU patients.
Although physical examination, lung auscultation and chest radiography are the most commonly used methods of bedside clinical evaluation of lung pathology, to date, only a few studies have compared their diagnostic performance in ICU patients. Lichtenstein et al. prospectively studied 32 patients with ARDS in order to compare diagnostic efficacy of auscultation, CR and lung ultrasound with computed tomography, when diagnosing three entities of lung pathology: pleural effusion, alveolar consolidation and alveolar-interstitial syndrome. 11 They found that the diagnostic accuracy of auscultation was 61% for pleural effusion, 36% for alveolar consolidation and 55% for alveolar-interstitial syndrome, while for bedside CR it was 47%, 75% and 72% respectively. Lung ultrasound appeared to be the most sensitive and specific method with accuracy over 90%, and was the only one that could quantify the extent of lung injury. Graat and coworkers showed an extremely low sensitivity (2.1%) of ICU clinicians in predicting abnormalities on daily routine CRs in their prospective observational study conducted in a 28-bed mixed medical/surgical ICU. (8) It is very much in contrast with results of Bhangwanjee and Muckart who found that sensitivity of examiners in predicting significant changes on CRs was 93% and 97%. 12 The authors concluded that clinical examination can effectively predict the need for CR in ventilated ICU patients. The difference in findings of previous studies might be the result of differences in study populations and ICU setting as well as study design, since in study of Bhangwanjee and Muckart the thorough auscultation was performed in search for abnormalities, while in survey of Graat et al. the prediction of CR changes was based rather on general impression of the attending physician.
Our results showed that CR abnormality couldn't have been accurately predicted with auscultation or clinical feature during the first six days of ICU stay. Abnormalities that couldn't have been detected with clinical examination during that time in majority of cases were new or progressive pulmonary infiltrates, atelectases (less than 2 lobes) and malposition of medical devices. In one case, pneumothorax that required chest drainage was missed. Pulmonary infiltrates have been shown to be the most frequently unrecognized lung abnormality on physical examination in majority of studies, although their nature and clinical relevance haven't been specified. 7, 8 Diverse etiologies are responsible for pulmonary infiltrates in surgical ICU patients. In only 30% they are due to pneumonia, another third origin from lung edema, while acute lung injury and atelectases account for the remaining. 13 In our study, any pulmonary infiltrate (even minor) was treated as positive radiologic finding which possibly overestimated their incidence and since the majority of patients were admitted to the ICU after major elective surgery (with normal CR), it may explain why clinicians didn't suspect pneumonia or acute lung injury during the first six days. The most Br. 3 Routine chest radiographs in the surgical intensive care: 41 can we change clinical habit with no proven benefit? probable cause of lung infiltrates at the beginning of ICU stay in our survey was lung congestion due to positive fluid balance after major surgery.
Malposition of medical devices (central venous catheters, endotracheal tubes, chest drains) was the second most common cause of unexpected radiographic findings in our study. Malposition of the tip of central venous catheter (usually placed during surgery) was observed on 8% of radiographs with positive findings, but in only two cases placement of a new central venous line was necessary. Kröner at coworkers in the observational study involving 857 surgical patients in whom CRs were done after admission at the ICU, found that routine CRs had diagnostic efficacy of 13%, and that 60% of positive findings was due to malposition of invasive devices. Anyway, therapeutic efficacy of CRs was very low (overall 4%) since only minority of findings resulted in a change of a device. 17 That is in accordance with the recently issued guidelines of ACR recommending that CR after central venous line placement should remain the standard of care. 3 Malposition of the endotracheal tube was found on 22 radiographs (3.1%) and most of them were without clinical relevance. Only in one case, main stem intubation resulted in a whole lung atelectasis. There are several studies evaluating the efficacy of CR in assessing the position of ET tube after insertion. Brunel et al. have found that 14% (out of 219) of intubated patients required repositioning of ET tube and that 5% had main stem intubation. 18 Lotano and coworkers showed that 10% of newly placed ET tubes were malpositioned, but only 1% was of potential clinical significance. 19 Lower incidence of ET tube malposition in our study may result from the different setting from the previously mentioned studies where significant proportion of intubations were urgently performed. It can also be explained with variations in interpreting CRs of unequal quality in our ICU, as well as the fact that mechanically ventilated patients are frequently done bronchoscopy for aspirations which helps to secure the position of ET tube.
The proportion of positive findings at CR in our survey has been steadily rising, reaching 100% at the ninth day of patient's ICU stay. From that day on, all CRs were positive for some lung pathology. Anyway, the proportion of positive finding on auscultation or clinical presentation was similar, meaning that CRs didn't reveal any new in- formation. In studies performed on adult surgical or medical ICU patients the incidence rate of abnormal findings varies widely. If they screened both for malposition of medical devices and cardiopulmonary pathology, the incidence of positive findings varied from as low as 3% to 91%. 20, 21 Some of these studies classified positive CR findings as new or old, expected or unexpected, major or minor, unlike our study where a "positive CR finding" was counted as present no matter of kind or extent of abnormality. Only 7.8% of all performed CRs in our study influenced a patient care by change of patient management plan, showing that only a small proportion of positive CRs was of substantional clinical relevance. In the study by Silverstein et al., although a total incidence rate of positive CR findings was 91%, only 1.3% of CR required a change of malpositioned device, and only 12% of CRs showed a new cardiopulmonary finding with only 3 of them (3.7%) with potential clinical impact.
21 A prospective study of Tolsma and coworkers in a population of postcardiosurgery patients showed that 33.5% of postoperative CRs revealed some abnormality, while only 2.4% led to an intervention. 22 Several other studies demonstrated similar results. 8, 23 It is interesting to notice that in our study intensivists judged a high number (401/717) of CRs to be unnecessary. The results of a French survey conducted among 82 intensivists from 32 ICUs revealed that there was no consensus about the necessity of CR in various clinical situations. Anyway, 75% of ICU specialists that completed the questionnaire didn't deem that routine daily CRs were indicated in intubated patients. 24 Randomized, controlled study comparing routine vs restrictive prescription strategy of CRs demonstrated that 885 CRs were obtained in the routine group, while only 94 CRs were done in the restrictive (clinically indicated) group during the same period. 10 The rate of new findings was 7,2% and 66% respectively, suggesting significantly higher value of clinically indicated CRs.
There are several limitations of our study that need to be mentioned. First, radiographic findings were not classified as minor or major. Also, it wasn't obvious from the questionnaire whether the positive findings were old or new, and if old, whether they have been in progression or regression. It would add a valuable information and allow further and more detailed analysis of appropriateness of daily routine CRs. Second, CRs were interpreted by ICU physicians and not radiologists, but it represents a standard practice in our ICU and it is very unlikely that the important findings were missed. Third, there was a small number of patients who spent a long time at the ICU. Maybe the results would have been different if the surveillance period had been longer.
We conclude that, according to our findings, the daily routine CRs in surgical ICU patients are justified in the first six days of ICU stay. After that time, routine CRs show no advantage over clinical examination. Low rate of CR induced therapy changes indicates that it would be more rational to implement the strategy of clinically indicated (on demand) CRs or to replace CRs with alternative safe and reliable technique such as the lung ultrasound. 25 Further studies are needed to confirm that abandoning daily routine CRs in open format surgical ICU is safe and cost saving.
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Rutinske radiografije grudnog koša (RGK) se ~esto izvode u hirurškim jedinicama intenzivnog le~enja (JIL). Nepotrebne RGK pove}avaju troškove le~enja i izla'u osoblje i bolesnike riziku od x-zra~enja. Cilj našeg istra'ivanja je bio da proceni opravdanost svakodnevnih, rutinskih RGK u JIL i ispita korelaciju izmedju RGK i fizikalnog nalaza kod hirurških bolesnika u JILu. Prospektivna opservaciona studija u trajanju od dva meseca izvedena je na odeljenju intenzivnog le~enja pri Klinici za digestivnu hirurgiju Klini~kog centra Srbije u Beogradu. Ona je obuhvatila 97 uzastopnih bolesnika podvrgnutih operacijama na digestivnom sistemu, koji su u JIL proveli najmanje dva dana. Tokom njihovog boravka u JIL, RGK su sprovodjene rutinski ili u cilju pra}enja plu}ne patologije. Bolesnici su pra}eni svakodnevno, a RGK (izra'ene kao proporcija pozitivnih nalaza) poredjene su sa fizikalnim pregledom i klini~kom slikom. Na~injeno je ukupno 717 RGK (medijana po pacijentu 4.0 (2.0-7.0)). Proporcija pozitivnih nalaza na RGK je bila zna~ajno viša u odnosu na auskultaciju do šestog dana boravka u JILu. Nije bilo zna~ajne razlike u nalazu RGK od dana do dana nakon šestog dana boravka u JIL. Terapijska efikasnost RGK bila je niska jer je samo 56 (7.8%) dovelo do promene u terapijskom planu.
Zaklju~ak: Svakodnevne rutinske RGK su opravdane tokom prvih šest dana boravka u JIL, a nakon toga one nemaju prednost u odnosu na klini~ki pregled.
Klju~ne re~i: Radiografija grudnog koša -Jedinica intenzivog le~enja -Terapijska efikasnost -Postoperativni period
